Background and aims
Introduction
It is well known that cardiovascular diseases (CVDs) are the leading cause of morbidity and mortality in chronic kidney disease patients [1] [2] [3] [4] [5] [6] . In patients who undergo dialysis treatment, there are well established risk factors that contribute to the development of CVDs, including hypertension, diabetes, dyslipidemia, and being overweight [7] .
Non-alcoholic fatty liver disease (NAFLD) is strongly associated with obesity, insulin resistance, hypertension, and dyslipidemia, and is now regarded as the liver manifestation of metabolic syndrome [8] [9] [10] , which is a highly atherogenic condition, even at a very early age [11] [12] [13] . Natural history studies have reported that the increased age-related mortality observed in patients with NAFLD is attributable to cardiovascular as well as liver-related deaths [11, 14] .
According to these observations, hemodialysis patients who develop NAFLD because of shared etiological factors (such as the components of metabolic syndrome) probably have a much faster progression of the atherosclerotic process and development of adverse CVD events than patients without NAFLD [15] . That said, the prevalence of NAFLD in patients undergoing dialysis remains unclear. However, the main risk factors responsible for the development of NAFLD are commonly observed in dialysis patients. Therefore, it is logical to expect that end-stage renal disease (ESRD) patients on maintained hemodialysis would also have a high prevalence of NAFLD.
The controlled attenuation parameter (CAP) is a technology that is used to measure the degree of ultrasound (US) attenuation by hepatic fat at the central frequency of the FibroScan (Echosens, Paris, France) [16] . A FibroScan measurement is also less likely to be influenced by sampling error than a liver biopsy because it is made by exploring a liver volume approximately 100 times larger than that explored using a liver biopsy. Moreover, a meta-analysis showed that the CAP has good sensitivity and specificity for detecting hepatic steatosis (HS) [17] .
US is the most commonly used imaging tool for detecting HS. In a previous study, US was found to have a 92% sensitivity and 100% specificity for the detection of HS compared to the use of biopsy as the standard method [18] . Another study also demonstrated that US has both high sensitivity and specificity for evaluating HS when the fat content is over 20% [19] .
Thus far, there have only been limited reports regarding the use of CAP to evaluate HS in hemodialysis patients [20] [21] [22] [23] . The aim of this study, therefore, was to investigate the prevalence of NAFLD in hemodialysis patients using CAP and US. Furthermore, we also investigated the clinical factors associated with HS in hemodialysis patients to determine if they are different from those in patients with normal renal function.
Memorial Hospital, Taiwan, were included in the study. During the same period of time, we enrolled patients with normal renal function to serve as controls. Normal renal function was defined by normal serum creatinine levels for each gender, with levels of 0.64~1.27 mg/dL considered normal for male patients and levels of 0.44~1.03 mg/dL considered normal for female patients (these are the definitions used in our hospital). The control group patients were referred by an endocrinologist to be tested for NAFLD; most of these patients had diabetes mellitus (DM), hypertension, or dyslipidemia. The exclusion criteria for both the hemodialysis group and the control group were as follows: Subjects with positive hepatitis B surface antigen or antibody against hepatitis C virus, use of drugs known to induce HS, excessive alcohol consumption (>21 drinks per week in men and >14 drinks per week in women over the preceding 2-year period) [24] , or CAP failure. Three hundred and forty-three hemodialysis patients and 252 control group patients were enrolled. Written informed consent was obtained from each of the participants in the study. The study protocol adhered to the ethical guidelines of the 1975 Declaration of Helsinki and was approved by the ethics committee of Chang Gung Memorial Hospital (IRB no. 101-1907B).
Clinical assessment
The assessment included an interview conducted by a nurse. The medical history, current use of prescribed drugs, smoking status, and alcohol consumption of each patient were recorded using standard questionnaires. The body mass index (BMI) of each patient was calculated by dividing the patient's body weight (in kg) by his or her body height (in m2). After each patient fasted for 8 hours overnight, his or her blood was sampled for assays of fasting lipids, glucose, and renal and liver function.
Controlled attenuation parameter measurement
Liver stiffness measurement (LSM) and CAP measurements were performed by two experienced operators using the FibroScan (Echosens, Paris, France). All patients were measured using the 3.5 MHz standard M+ probe. The principles of CAP have been described elsewhere [16] . The final CAP value as the median of the individual CAP values and was expressed in dB/ m. The ranges for different grades of steatosis were a CAP value of 238 dB/m to 259 dB/m for steatosis grade 1 (S1), a CAP value of 260 dB/m to 291 dB/m for S2, and a CAP value of 292 dB/m or above for S3 [16] .
US examination
Predefined criteria were used to determine the severity of HS. These included the presence of increased hepatorenal contrast for mild HS (i.e., S1); the presence of both bright echoes and increased hepatorenal contrast, as well as vessel blurring, for moderate HS (i.e., S2); and the presence of posterior beam attenuation and non-visualization of the diaphragm, in addition to the criteria for moderate HS, for severe HS (i.e., S3). The liver image was assessed to be normal if the texture was homogenous, fine level echoes were seen, the area was isoechoic compared to the renal cortex, and the hepatic vessels and diaphragm were adequately visualized [19] . and the steatosis grades assessed by US. A multivariate logistical regression analysis was conducted to identify any patient characteristics independently associated with CAP-or US-identified HS. A univariate analysis was first performed on each of the considered independent variables to select candidate variables for the multivariate analysis. A P value of less than 0.05 was considered significant. Statistical analyses were performed using Stata software version 11.0. Table 1 provides a description of the demographic characteristics of the analyzed patients. Of the 343 hemodialysis patients, 45.2% were male, the mean age was 63.2 years (range: 20.1 to 89.0 years), and 30.6% of the patients had DM. Furthermore, the median CAP value for these patients was 234 dB/m. Of the 252 control group patients, 50.8% were male, the mean age was 57.8 years (range: 21.5 to 93.3 years), and 38.9% had DM, while the median CAP value was 276 dB/m. The hemodialysis patients were significantly older than the control group patients, while the BMI, alanine aminotransferase (ALT), aspartate aminotransferase (AST), total bilirubin, albumin, cholesterol, low-density lipoprotein (LDL), and CAP values were significantly lower among the hemodialysis patients. In addition, the fasting sugar levels, the LSM values, the proportions of male patients with high-density lipoprotein (HDL)< 40 mg/dL and female patients with HDL< 50 mg/dL, and the proportion of patients with triglyceride >150 mg/dL were significantly higher among the hemodialysis patients (P < 0.05).
Results

Demographic characteristics of the analyzed patients
Factors associated with CAP-identified HS
The multivariate analyses showed that high BMI (OR: 1.28, 95% CI: 1.16-1.40, P<0.001), low HDL (male< 40, female < 50 mg/dL) (OR: 2.15, 95% CI: 1.26-3.65, P = 0.005), and triglyceride >150 mg/dL (OR: 3.28, 95% CI: 1.88-5.73, P<0.001) were independent factors associated with CAP !238 dB/m in the hemodialysis patients. Among the control group patients, high BMI (OR:1.30, 95% CI: 1.12-1.51, P = 0.001) and high ALT (OR:1.03, 95%CI: 1.002-1.05, P = 0.032) were independent factors associated with CAP !238 dB/m ( Table 2 ).
Factors associated with US-identified HS
The multivariate analyses showed that high BMI (OR: 1.21, 95% CI: 1.11-1.32, P<0.001) was an independent factor associated with US-identified HS in the hemodialysis patients. In addition, high BMI (OR:1.15, 95%CI: 10.2-1.29, P = 0.027) and low LSM (OR: 0.94, 95%CI: 0.88-0.99, P = 0.027) were independent factors associated with US-identified HS in the control group patients (Table 3) .
Comparison of the diagnostic value of CAP combined with US versus US alone
Among the 343 hemodialysis patients, 192 (56.0%) had CAP-or US-identified HS compared with 91 (26.5%) who only had US-identified HS (P<0.001). Among the 252 control group patients, 212 (84.1%) had CAP-or US-identified HS compared with 180 (71.4%) who only had US-identified HS (P<0.001).
The agreement between CAP and US-identified HS
The CAP values were significantly correlated with the steatosis grades identified by US for both the hemodialysis (Fig 1A) (ρ = 0.26, P<0.001) and control group patients ( Fig 1B) (ρ = 0.51, P<0.001). The kappa value is 0.20 in the hemodialysis patients and 0.33 in the control group patients. The percentage of overall discordant cases is 48.98% in the hemodialysis patients and 64.29% in the control group patients.
Comparison of NAFLD patients who had CAP combined with USidentified HS and NAFLD patients who had HS identified by CAP alone
The average BMI level, fasting sugar level, and the proportion of patients with low HDL levels and high triglyceride levels were higher in NAFLD patients who had CAP combined with USidentified HS compared with NAFLD patients who had HS identified by CAP alone in the hemodialysis patients (Table 4) . The average bilirubin level, proportion of patients with thrombocytopenia, and LSM value were lower, while the average CAP value and albumin level were higher in NAFLD patients who had CAP combined with US-identified HS compared with NAFLD patients who had HS identified by CAP alone in the control group patients (Table 5) .
Discussion
To our knowledge, this is the first study using CAP combined with US to survey NAFLD in hemodialysis patients. The main finding of our study was that NAFLD was present in 56% of the hemodialysis patients. Among the hemodialysis patients, the number of diagnoses of HS made by using CAP combined with US was more than twice the number made by using US alone. In contrast, the number of diagnoses of HS made by using CAP combined with US was only slightly higher than the number made by using US alone among the control patients, although the related P value was still significant.
Fig 1. The correlation between the controlled attenuation parameter (CAP) values and steatosis grades assessed by ultrasound in hemodialysis (A) and control group (B) patinets.
https://doi.org/10.1371/journal.pone.0176027.g001
Survey non-alcoholic fatty liver disease in hemodialysis patients: A prospective cohort study A diagnosis of mild HS made by using US is based on an increased hepatorenal contrast. In most hemodialysis patients, however, the kidneys are atrophied, which makes it difficult to detect if there is any such increased hepatorenal contrast. Therefore, the use of US alone is not feasible for detecting mild HS in ESRD patients with atrophied kidneys.
We used CAP combined with US to determine that more than half of the hemodialysis patients had NAFLD. These patients were at higher risk for developing CVDs, and greater attention should be given to assessments for CVDs in such patients.
As hemodialysis patients are mostly anemic and require transfusions, it was possible that the high CAP values obtained for the hemodialysis patients in this study were caused not only by NAFLD but by iron overloads in their livers. However, the prevalence of iron overload (defined by a serum ferritin level >2000 ng/ml) [25] , was just 0.3% among all 343 hemodialysis patients. As such, the high CAP values for this hemodialysis cohort were generally not likely to be related to iron overloads.
Cases of NAFLD missed by US are usually of lower hepatic fat content [26] . The comparison of NAFLD patients who had CAP combined with US-identified HS and NAFLD patients who had HS identified by CAP alone showed that the median CAP values were higher in NAFLD patients who had CAP combined with US-identified HS compared with NAFLD patients who had HS identified by CAP alone in both the hemodialysis and the control group patients, although the P value in the hemodialysis patients was not statistically significant (P = 0.061).
The prevalence of CAP-identified HS among the hemodialysis patients was lower than that among the control population. In addition, the mean BMI in the control population was higher than that among the hemodialysis patients (P<0.001). A previous study enrolled more than 5000 patients on whom CAP was performed, and multivariate analyses showed that the major determinant factor associated with elevated CAP was BMI [27] , a finding which is compatible with those of the present study noted above and which could explain the higher prevalence of CAP-identified HS in the control population. Previous studies have used CAP ! 238 dB/m to define HS in hemodialysis patients, and the prevalence of NAFLD in those studies ranged from 52.8-82%. The number of patients in those studies was limited, however, with the largest number of cases in any of the studies being only 94 [20] [21] [22] [23] .
Furthermore, two of those previous studies enrolled elderly hemodialysis patients, the majority of whom were receiving supportive enteral nutrition [20, 21] . In those studies, CAP was negatively correlated with the nutritional parameter (serum albumin), and there was no association between CAP and obesity (as defined by BMI). Additionally, the presence of NAFLD, low serum albumin levels, and high serum C-reactive protein levels were strong predictors of poor outcome in those patients. As a result, the authors of those studies concluded that NAFLD probably interacts with malnutrition, inflammation, and atherosclerosis (MIA) syndrome in hemodialysis patients [20, 21] . In contrast, BMI was still an independent factor associated with CAP-identified HS in the hemodialysis patients in our study. The cause of this discrepancy between those previous studies and our study may be our study's enrollment of much younger patients. The mean ages of the patients in the two previous studies were 75.1 ±7.1 years and 69.1±12 years, respectively [20, 21] . In contrast, the mean age of the hemodialysis patients in this study was 63.2±12.3 years. Elderly patients are at risk of malnutrition [28] , Survey non-alcoholic fatty liver disease in hemodialysis patients: A prospective cohort study and the majority of patients in the two previous studies were receiving supportive enteral nutrition [20, 21] , indicating that MIA syndrome was present in most of these patients. In contrast, most of the patients in our study were not receiving supportive enteral nutrition. Therefore, we assume that the majority of our patients did not have MIA syndrome. According to the American Association for the Study of Liver Diseases (AASLD) guidelines, risk factors with an established association with NAFLD include obesity, type 2 DM, dyslipidemia, and metabolic syndrome [24] . In this study, we enrolled patients with normal renal function to serve as a control group in order to investigate whether there are different factors associated with NAFLD in hemodialysis patients versus patients with normal renal function. We found that high BMI and dyslipidemia were factors associated with NAFLD in the hemodialysis patients, while high BMI, high ALT, and low LSM were factors associated with NAFLD in the control group patients. Previous studies have shown that ALT was found to be associated with the clustering of metabolic syndrome components [29, 30] . The clinical factors associated with NAFLD in both the hemodialysis and control group patients in this study were compatible with the aforementioned AASLD guidelines [24] .
The LSM values of the hemodialysis patients in this study were significantly higher than those of the control subjects, but their CAP values were significantly lower. Furthermore, low LSM was an independent factor associated with US-identified HS in the control group in this study. Recent studies have reported that HS was associated with higher LSM in patients with NAFLD [31, 32] , which is not compatible with the results of our study. However, as non-alcoholic steatohepatitis (NASH) progress, regression of steatosis, inflammation or ballooning was termed burned-out NASH [33] . Burned-out NASH may explain the negative association between LSM and steatosis in our study.
The current gold standard for evaluating HS is liver biopsy. However, the distribution of fat in the liver is not homogenous. Diffuse HS with focal fatty sparing or focal fatty liver occurs frequently. Relatedly, Ratziu et al. reported an error and misjudgment rate of 24% due to sampling errors in biopsies [34] .
Moreover, because liver biopsy is an invasive procedure, it carries a risk of rare but life-threatening complications [35, 36] . There are also particular concerns about the risks of performing liver biopsies on ESRD patients on dialysis, with these concerns relating to the fact that such patients have an increased tendency to bleed as a consequence of platelet dysfunction [37] . These limitations have led to the development of non-invasive methods for the assessment of HS.
CAP is non-invasive, quantitative, and easy to perform compared with US, while also having the advantages of being operator-and machine-independent [16] . Furthermore, it can be performed by a technician. As such, and in light of the growing burden of NAFLD, CAP seems to be more suitable than US for the large-scale screening of HS. The main limitation of CAP is in cases of patients with high BMI (BMI>30) [27] . However, among the hemodialysis patients in this study, only 2.4% had BMI >30. Therefore, CAP seems to be an ideal tool with which to screen for HS in a large cohort of hemodialysis patients.
The US evaluation of steatosis is mainly qualitative [38] . The qualitative grading is conveniently classified as mild, moderate or severe [19] . In contrast, the CAP evaluation of steatosis is mainly quantitative. It is not surprising that the agreement between the two examinations is not good in both the hemodialysis and the control group patients, and significant proportion of patients had discordant results between CAP and US in our study.
There are limitations to this study. Firstly, there was a lack of data regarding the etiology of ESRD, as well as the frequency, duration, and dose of dialysis, for the hemodialysis patients. Secondly, we also did not have liver biopsy data for the patients, even though liver biopsy is the gold standard for evaluating HS. Furthermore, the cutoff value of CAP used for diagnosing HS was obtained from non-uremic populations [16] .
The present study also has several strengths. Using CAP combined with US to survey NAFLD in hemodialysis patients, we found that more than half of the hemodialysis patients had NAFLD. These patients were at higher risk for developing CVDs, and greater attention should be given to assessments for CVDs in such patients. Furthermore, US is not suitable for diagnosing steatosis in ESRD patients due to kidney atrophy. Only 26.5% of the hemodialysis patients in this study had US-identified HS, which was significantly lower than the percentage with CAP combined with US-identified HS. In contrast, the number of diagnoses of HS made by using CAP combined with US was only slightly higher than the number made with US alone in the control group patients. These results suggest that, although US is widely available, it may severely underdiagnose HS in ESRD patients. 
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